The zooplankton fauna and the relationship with their environmental variables were investigated on the epilimnion layer of the seven reservoirs (Demirdöven, Devegeçidi, Menzelet, Sır, Ömerli, Porsuk, Tahtalı) of different regions (Marmara, Aegean, Mediterranean, Central Anatolia, Eastern Anatolia, Southeastern Anatolia) throughout the summer months (2015) in Turkey. According to the trophic conditions reservoirs varied between oligo-and eutrophic status. Chlorophylla concentration, measured for the estimation of primary production, was determined considerably high along the investigation period. A total of 62 zooplankton species were identified with the contribution of 44 rotifers, nine cladocerans and nine copepods. Except one reservoir, all of the others were dominated by rotifera group, and also in each study site dominant taxa were changed at species level. On the other hand common dominant taxa for all reservoirs was the rotifer Polyarthra vulgaris Carlin, 1943 with 95 % frequency. In terms of zooplankton species, most of the studied reservoirs showed less than 50% similarities, due to their different limnological conditions and different geographic locations. Reservoirs in high trophic conditions in the present study were represented by low species diversity. Water quality in the reservoirs with respect to biological data were determined as ß-mesosaprobic. The using limnological and biological indices to determine water quality were consistent. Densities of main zooplankton groups, and also frequent species of the reservoirs correlated with epilimnion layer depths and total phoshorus concentrations significantly. On the other hand rotifera variation was affected mainly by physical variables (pH, temperature, dissolved oxygen concentration, conductivity), and crustacean variations were related with total phoshorus. The comperative assessment between limnological variables and zooplankton community in this reservoirs was studied for the first time.
INTRODUCTION
Rapid population growth and development of the industry cause the need for freshwater to increase in Turkey as well as around the world. Therefore, many of reservoirs were built for drinking water supply, irrigation, flood control, and energy generation in Turkey since the 1930s. But, nowadays as a result of the urbanization and industrialization, reservoirs faced with the eutrophication hazard. Also, persistence of the eutrophic conditions causes loss of biodiversity, and may destroy the balance of the food chain from the bottom to the top (Brito et al., 2011) . For this reason, limnological and biological variables should be investigated and followed for assessment, and obtained data should be used to improve the water conditions of reservoirs.
Biotic and abiotic factors of the reservoirs might alter the zooplankton species diversity, density, biomass, and spatio-temporal distribution. Life cycles of zooplankton are between days to weeks (Brock et al., 2005) . Due to feeding and reproduction form alterations among the groups (Hutchinson, 1967) , they show varied reactions to the abiotic conditions. Also, zooplankton groups, especially rotifers, respond quickly to these alterations, and consequently they are known as biologic indicators to estimate the water quality in the freshwater ecosystems (Sladecek, 1983; Herzig, 1987; Saksena, 1987; Hanazato, 2001; Pereira et al, 2002) . Quick response of rotifers to the alterations in their environment results from their small-sizes, permeable integument (Arora and Mehra, 2003) , rapid reproductive rates, and also ability to generate dense populations (Pace, 1986) . Because of the rotifer density variation informs about eutrophication, they are used as trophic state indicators (Chen et al., 2012 ).
This present investigation was designed to determine the zooplankton community structure of seven reservoirs (Demirdöven, Devegeçidi, Menzelet, Sır, Ömerli, Porsuk, Tahtalı) from different river basins of Turkey and analyzed the relationship between zooplankton assemblages and various limnological variables for the first time.
MATERIALS AND METHODS
In the present study, a total of seven reservoirs (Devegeçidi, Demirdöven, Menzelet, Sır, Ömerli, Porsuk, Tahtalı) from different six regions from Turkey were investigated (Figure 1 ). General features of each reservoir was given in Table 1 .
The study was carried out in the summer months (June, July, August) in 2015, simultaneously, in each reservoir. Samples were 1986-1996 2009-2010 1980-1989 1987-1991 1968-1973 1966-1972 1986-1999 Building purpose Aquat Sci Eng 2019; 34(1): 29-38 Dorak, Köker, Gaygusuz, Gürevin, Akçaalan, and Albay. Zooplankton biodiversity in reservoirs of different geographical regions of Turkey: composition and distribution related with some environmental conditions collected from the surface to the bottom of the epilimnion layer at the deepest point of the reservoirs (Table 1) .
Some physicochemical variables [water temperature (T), dissolved oxygen concentration (DO), pH, electrical conductivity (EC)] were measured using by multiparameter (YSI 6820) with one meter intervals along the epilimnion layer, and water transparency was determined using by Secchi disk, in situ. The water samples for nutrient analysis [total nitrogen (TN), total phosphorus (TP)] and also Chlorophylla (Chla) concentration (as the primary production=phytoplankton biomass) were taken with 5 L VanDorn bottle from the surface, middle and bottom at the epilimnion layer, and they were mixed to obtain a composite sample. Nutrient analysis were performed according to APHA, AWWA,WEF (1989), and Chla concentration was determined according to Nusch (1980) . All variables were measured in triplicate.
Zooplankton was sampled with a closing net (55 µm mesh size, 0.6 m diameter opening, 1 m length) vertically from to the end of the epilimnion layer to the surface, and fixed with 4% formaldehyde solution. Zooplankton species were determined using a binocular microscope. The identification of the zooplankton species was performed according to the relevant taxonomic keys (Dussart, 1969; Koste, 1978; Margaritora, 1983) . Enumeration, measurement, and also biomass calculations of the zooplankton species were performed according to EPA Standard Operating Procedure LG403 (U.S. Environmental Protection Agency, 2010). The body length of 20 randomly chosen individuals were measured via by camera attachment to use for the biomass calculation.
Trophic status of the reservoirs were determined according to Carlson's Trophic State Index (TSI) (Carlson, 1977) . Species richness (R) of zooplankton was given as the total number of species. Shannon-Wiener diversity index (H') (Shannon and Weaner, 1949) , and Pielou evenness (J) (Pielou, 1966) indices for zooplankton were computed monthly. Saprobic index (S) was calculated according to the formula developed by Pantle and Buck (1955) , and individual valence of each rotifer species were determined with reference to Sladecek (1983) . To determine the Quotient of Community similarity degree for each pair of sites by using the zooplankton species Sørensen Similarity Index (QS) (Sørensen, 1948) was performed, and also a cluster analysis depending on determined species were used to compare the zooplankton compositions between studied sites (Bray and Curtis, 1957 
RESULTS AND DISCUSSION
Different geographic regions and morphometric features (Table  1 ) of the investigated reservoirs were concluded in variations of main physical and chemical variables, with some exceptions. Water temperature, conductivity, nutrients, transparency and epilimnion layer depth showed significant differences between studied reservoirs (Table 1) . Water temperature showed regional differences in summer months, and also conductivity variation showed similar patterns with water temperature. Nutrient concentrations were considerably high in every site (Table 1) . Transparency of the sites were low, generally, due to summer months high primary production as given Chla concentration in each reservoir. Epilimnion layer were differed based on the vertical water temperature variations of each reservoir (Table 1) . Trophic state index (Carlson, 1977) of the studied reservoirs were ranged from 38 to 62 (Table 2) , that means they changed between oligotrophic and eutrophic conditions. Components of CTSI [TSI (SD), TSI (CHL), TSI (TP)] were correlated each other significanlty. The negative correlation between transparency (Secchi depth) and Chla (r=-0.606, p=0.004, N=21) was the indicator, that transparency of the reservoirs not depends on the phytoplankton abundance only. Table 2 . Summer variation of some physcicochemical variables and Chla concentration (mean±stdev) Aquat Sci Eng 2019; 34(1): 29-38 Dorak, Köker, Gaygusuz, Gürevin, Akçaalan, and Albay. Zooplankton biodiversity in reservoirs of different geographical regions of Turkey: composition and distribution related with some environmental conditions Table 3 . Summer zooplankton variation of the studied reservoirs. 
Also the positive significant correlation between TSICHL and TSITP (r=0.492, p=0.023, N=21) showed that in the studied reservoirs phosphorus may be limiting factor (Gołdyn et al., 2003) . The water quality and ecological conditions of the studied reservoirs affected by their intended use (drinking water, energy, flood control and irrigation). Due to some of the studied reservoirs are drinking water resources, meso-and eutrophic quality of the waters may resulted as a drinking water quality problem (Palmstrom et al., 1988; Smith et al., 2002; Davies et al., 2004) .
A total of 63 zooplankton taxa were identified (Table 3) . Rotifers were dominant as numerically with 44 species. Crustaceans were represented by nine cladocerans and nine copepods throughout the sampling period (Table 3 ). The similarity of seven reservoirs from different regions was shown in Table 4 . In terms of zooplankton species, site III and site IV showed highest incidence of similarity (0.80) (Table 4) , due to their location in the same region (Table 1) . On the other hand, according to the Sørensen's index, based on the common species of the sites (Table 3) , zooplankton taxa of site IV were more similar with site III, IV and V (0.61, 0.59, 0.58, respectively) (Table 4) . Also, similar results were verified by cluster analysis (Figure 2 ). Similarities or dissimilarities between the reservoirs were shaped by different abiotic conditions of the sites in different regions (Figure 2 ).
Species richness (R), as the total number of zooplankton species, changed between 9 (site I) -26 (site II) species (Table 5 ). Shannon diversity index (H') was determined between 1.59 (site III)-2.29 (site V), and Pielou Evenness index (J) was ranged from 0.55 to 0.75 (Table 5 ). According to the description of Mason (1983) trophic state of aquatic environments evaluated between 1-3, therefore in terms of diversity index studied sites found as meso-and eutrophic status. The diversity results of the studied site showed similarity with TSI (Carlson, 1977) . In the present study, species diversity of the sites, with high trophic conditions, found in low val- Figure 2 . Dendrogram based on differences in zooplankton diversity between the studied reservoirs.
Aquat Sci Eng 2019; 34(1): 29-38 Dorak, Köker, Gaygusuz, Gürevin, Akçaalan, and Albay. Zooplankton biodiversity in reservoirs of different geographical regions of Turkey: composition and distribution related with some environmental conditions ues (Reed, 1978) . Meso-and eutrophic reservoirs (Table 2 ) in the present investigation represented by low species diversity and on the contrary they had high densities than other sites ( Figure  3A ) (Reed, 1978) . The high abundances of limited number of zooplankton species in the eutrophic sites caused unbalanced environments (J, Table 5 ). The saprobic index of the studied reservoirs varied from 1.52 (site I) to 1.67 (site III) and these values attributed to the ß-mesosaprobic, except site I (Table 5) . Saprobic values showed the high organic matter decomposition levels in the reservoirs (Nandini et al., 2016) . Most of the identified rotifer species in the study (24 of total 44 rotifer species) are known as eutrophication indicators due to their saprobic degrees (beta-mesosaprobic and alpha-mesosaprobic) (Sladecek, 1983) .
In freshwater ecosystems rotifers dominate the zooplankton fauna (Saksena, 1987) , and are also used as the biological indicators to determine the trophic status of the environment (Sladecek, 1983; Saksena, 1987) . In this way, not only qualitative features but also quantitative characteristics (density) of the rotifers are important to evaluate the water quality, that high rotifer abundances expresses eutrophication (Sendacz, 1984) . Most of the studied reservoirs, except site I where the copepods represented 48.2%
of total zooplankton abundance, were dominated by rotifers in terms of relative abundance (ind/L) ( Figure 3A) .
and 3258±718 ind/L (site II) ( Table 6 ). Statistically total zooplankton and total rotifer abundance showed differences between study sites (Kruskal-Wallis; H (6,N=21) =15.706, p=0.015; H (6,N=21) =14.874, p=0.021, respectively), on the contrary no significant monthly differences were found between density of main zooplankton groups and total zooplankton (Kruskal-Wallis; H, df:2, P>0.05, N=21).
Seven of the identified taxa during the study showed ≥ 50 frequency (% F), they were Polyarthra vulgaris (Carlin) (95% F), nauplii (76% F), Asplanchna priodonta Gosse (67% F), Keratella cochlearis Gosse (62% F), Bosmina longirostris (Müller) (57% F), Diaphanosoma brachyurum (Lievin) (52% F), and Trichocerca similis (Wierzejski) (52% F), respectively. On the other hand, dominant taxa varied temper to reservoirs (Table 6 ). According to the frequency and dominance results rotifer P. vulgaris determined as the common dominant species all of the sites.
Main zooplankton groups [(copepoda: r=0.591, p=0 .010, N=21); Aquat Sci Eng 2019; 34(1): 29-38 Dorak, Köker, Gaygusuz, Gürevin, Akçaalan, and Albay. Zooplankton biodiversity in reservoirs of different geographical regions of Turkey: composition and distribution related with some environmental conditions (cladocera: R=0.604, p=0.005, N=21); (rotifera: r=0.495, p=0.023, N=21)], and also total zooplankton (r=0.590, p =0.005, N=21) densities were correlated posivitely TP concentration. Moreover total zooplankton abundance showed positive significant correlation with Chla concentration (r=0.520, p =0.016, N=21).
The density of copepoda (r=-0.485, p =0.010, N=21), cladocera (r=-0.481, p=0.032, N=21), rotifera (r=-0.441, p =0.046, N=21), and also total zooplankton abundance (r=-0.588, p =0.005, N=21) correlated negatively with increasing epilimnion layer depth. The common dominant species of the study sites P.vulgaris density correlated negatively (r=0.445, p=0.009, N=21) with epilimnion layer depth like total rotifer abundance. Phytoplankton growth rates may decrease through the depletion of phosphorus stock levels in the epilimnion, that may resulted as the lack of food for zooplankton (Arhonditsis et al., 2004) . This case was supported by the negative correlation between Chla concentration as phytoplankton biomass, and epilimnion layer depth (r=-0.304, p=0.018, N=21).
Total zooplankton biomass (µg DW/L) ranged between 24±9 µg DW/L (site VII) and 1625±876 µg DW/L (site II). Cladoceran and total zooplankton biomasses between sites showed significant differences (Kruskal-Wallis; H (6,N=21) =7.584, p=0.004; H (6,N=21) =10.009 p=0.006, respectively). Average individual length (µm) and weight (µg DW) values of the dominant species were given in Table 6 . The highest biomass in site II related with the dominance of big-sized cladoceran D. cucullata in June (943 ind/L). Relative biomass dominance of the main zooplankton groups varied for each site, that although rotifers were the predominant group along the study period, because of their small sized bodies they could not have a high contribution to the total zooplankton biomass, generally ( Figure 3B ).
Zooplankton fauna of Devegeçidi (site II) (Bekleyen, 2001; Bekleyen, 2006) , Porsuk (site VI) (Apaydın Yağcı et al., 2013) , and Tahtalı (site VII) (Özdemir Mis et al., 2009 ) reservoirs were investigated, previously. Zooplankton fauna of site II, VI and VII showed similarities with the previous studies, but the identified taxa in the pres- Aquat Sci Eng 2019; 34(1): 29-38 Dorak, Köker, Gaygusuz, Gürevin, Akçaalan, and Albay. Zooplankton biodiversity in reservoirs of different geographical regions of Turkey: composition and distribution related with some environmental conditions ent study were fewer than the former. This is probably related to the sampling procedures and times, and also may be affected by the trophic and environmental conditions changing in time. Because of the lack of available data on the trophic conditions of the previous studied sites, it is not possible to compare before and after. Zooplankton variation of the other reservoirs, and the relationship between zooplankton fauna and their environmental conditions in all reservoirs were investigated for the first time in the present study.
In the redundancy analysis (RDA) Chla, total zooplankton, main zooplankton groups, and most frequent taxa abundances were used as biological data (Figure 4) . Furthermore, after the control of environmental variables with regard to the Variance Inflation Factor (VIF<10) (ter Braak and Šmilauer 1998), and a stepwise forward selection (FS), total nitrogen (TN) (VIF>10) was removed from the data set, thereby eight limnological variables were used in the multiple comparison (Figure 4 ). According to the RDA analysis first two axes explained 85.6% of total variation. First axis was in a relation with largely epilimnion layer depth (0.3225) and pH (-0.0850), whereas second axis correlated with TP (0.3916) and pH (-0.0202), mainly. The sampling times of each reservoir were grouped in itself, generally (Figure 4 ). The reservoirs (site I, II, IV) identified as eutrophic according to the TSI, showed significanly correlation with TP, whereas oligo-and mesotrophic sites related mainly water temperature, epilimnion layer depth and transparency (Secchi disk depth) (Figure 4 ). Eutrophic conditions were related with high nutrients, that eutrophic sites represented by high zooplankton abundance (Table 6 ). Relatively higher transparency, compared to the other sites, in the oligotrophic site III resulted in low zooplankton abundance. The negative correlation between total zooplankton abundance (both at group and species level) and epilimnion layer depth may seen in RDA graph (Figure 4 ). Because TP is the nutritional source for the primary producers, total zooplankton density (both at group and species level) was related with TP indirectly and also significantly, as seen on the multiple comparison (Figure 4 ). An other evidence, that support this relevance, was the positive correlation between Chla and TP concentration (r=0.505, p=0.020, N=21). According to the ordination plot rotifer taxa were related with pH, DO, EC, and T, mainly (Figure 4 ), because they are not selective on food quality, and they are also consumers of detritus and bacteria (Ruttner-Kolisko, 1974; Conde-Porcuna et al., 2002) . The common dominant species of the reservoirs P. vulgaris, and most frequent species of the study showed similar behaviors as in the groups they belonging to.
High rotifer abundance (Almeida et al. 2009; Lodi et al., 2011; Špoljar, 2013) in eutrophic waters attributed to the avaliable food (phytoplankton, bacteria, and especially detritus) for rotifers and also their short generation times (Sed'a and Devetter, 2000; Nogueira, 2001 , Gazonato Neto et al., 2014 , Haberman and Haldna, 2014 . When all data and statistical results of the present study are evaluated, the dominance of rotifers in both density and diversity are related with trophic status of the studied reservoirs. The siginifant correlation between total rotifer abundance and total phosphorus (TP) (r= 0.495, p=0.023, N=21) (Stemberger, 1995) of investigated sites is the evidence that trophic conditions of the water affected their composition and dynamics relatively (Arora and Mehra, 2003) . An other probability, that may clarify the dominance of rotifers, was the pH values of the studied reservoirs. Rotifer species of eutrophic waters prefers pH≥7 (Berzins and Pejler, 1987) similar in the present study. pH levels shows increasing in nutrient-rich waters with dense photosynthetic activity resulting from algal growth, accordingly most of the rotifer species may find optimum conditions for their development. Also in the studied reservoirs cyanobacterial blooms occured in the summer months (Köker et al., 2017) . It is known that these blooms provide an opportunity to reconstitute the zooplankton population from big-bodied to the small sized species (Gilbert, 1996) . This information was supported by the results of the present study. The small-sized evasive rotifer P. vulgaris was determined as the common dominant and most frequent (95% F) species in the reservoirs during the study period.
In conclusion, both the laboratory data and the statistical results verified each other. Physicochemical and biological data showed that water bodies are under pollution pressure. The statistical results of the present study stated the possibility the usefullness of the zooplankton groups, especially rotifers, as a good ecological indicators (Montagud et al., 2019) . Also, when considering their intended use, especially as drinking water, trophic conditions and biological patterns of the reservoirs must be controlled and followed for safe use.
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